Abstract
Introduction
The rapid development of modern society brought about the rapid development of urbanization and the overall development of society. However, the population concentration, the large scale of the buildings and the increase of the dangerous goods facilities have become another disaster factors [1] . Demand for fire fighting services to protect people's lives in a disaster area is increasing day by day. According to the report of the National Emergency Management Agency in 2014, it is reported that the field activities of fire fighting officers such as rescue has increased by 9.8% annually since 2000 [2] . The field activities of fire fighting officers, who are in charge of urgent rescue activities and fire suppression at the disaster site, are complicated and diversified in a violent environment, and the types of accidents in this environment are more unpredictable [3] . These factors have special job characteristics of fire fighters who should act in the bad conditions that increase the frequency of risk factors [4] . This is categorized as the special conditions of the fire activity conditions and environment, distinct characteristics of the physical risk environment of the job performance ability itself and the major fire fighting work in the field of fire by moving, ventilating and investigating, ladder work, forced entry and rescue factors [5] . In addition, job-related tests that are recommended by the National Fire Protection Association (NFPA) for job performance tests related to fire fighting activities include hose advance [6] , forcible entry, hoist climb, victim rescue, and stair climb are recommended as basic job performance tests [7] . This indicates that the energy metabolism rate of fire suppression activities during the typical fire fighting activities is high when compared with the general sports form [8] . However, it can be predicted that the level of physical strength, such as cardiorespiratory ability, muscle strength, and muscle endurance, will be changed by various causes in the process of fire fighting activity [9] . In this way, the specific job characteristics of the fire fighter made the fire fighter show the ability to transcend human physical and mental limitations. For this, advanced countries such as USA, UK, Canada, Japan have developed physical strength test system and physical fitness program scientifically and systematically. In addition, it is composed of physical fitness test items to test job performance related to the characteristics of fire service by each country and city. In most countries, the measurement standard of physical fitness test is not discriminated on the basis of age, sex, and physical strength condition, and the same measurement standard is applied to perform the fitness test. Also, researches on fire work performance and physical fitness tests are being carried out continuously [10] . However, in Korea, there is a lack of research on the physical strength of fire fighters [11] , and there are limitations in quantitative and qualitative aspects to be used as a basis for establishing clear grounds.
In this way, the importance of physical strength for fire fighters and the necessity of strengthening of physical strength have been continuously raised. The purpose of the fire fighter strength test is also to promote the physical strength and the effectiveness of performing fire fighting such as rescue etc [12] . through personal fitness test. In addition, although separate management is required to maintain fitness that is suitable for performing work activities during the performance period of the field activities, the physical management of the fire fighting team is totally limited to the individual due to the uniqueness of working environment and work structure, and the organizational management is insufficient [13] [14] . Therefore, the purpose of this study is to investigate the effect of water exercise on the performance of the fire fighters' work performance and respiratory ability, and to provide basic data for improving the work performance and respiratory ability of fire fighters who are required to perform work in various job environments.
Materils & Methods

Subject of study
This study was conducted from June, 2016 to September, 2016, for 30 fire fighters who have not participated in the aquatic exercise program for 12 months and have no medical illness. Participants were selected as participants who fully understood the purpose of the experiment and were willing to volunteer for the experiment, and it is performed after completing study participation agreement. The participants were divided into two groups using aquatic exercise group(AEC, n = 15) and non -exercise control group(CG, n = 15) through random sampling. In the initial study group, 25 subjects participated in the study. However, subjects were excluded from the group(AEG/9 persons, CG/6 persons) due to personal problems and lack of exercise. Accordingly, The number of subjects per group was adjusted to 15.There was no significant difference between the two groups. The physical characteristics of the subjects were as shown in <Table 1>. 
. Job related physical fitness test
The physical strength of work performance was based on the verification method of physical strength of fire fighting officers. The measurement variables are as <Table 2>. 
Pulmonary function ability test
Pulmonary function ability tests were performed in a sitting position using Cardio Touch 3000S(BIONET). For accurate measurements, sufficient explanations and demonstrations were made to understand the subjects and then measurements were made. The pulmonary function ability tests were performed on the basis of the inspiratory reserve volume(IRV), the expiratory reserve volume(ERV), the slow or relaxed viral capacity(SVC), and the forced vital capacity(FVC). Each test was carried out three times and the average value of each measurement was recorded.
Data process
For the data processing of this study, the mean and standard deviation of all data collected using SPSS 20.0(window statistical package) were calculated, and the significance test before and after the experiment in the group was conducted by Paired t-test. And the independent sample t-test was used for the pre-test and before and after-test of significance for verification of identity between groups. The significance level was p <.05. The significance level was p<.05.
Results
Change in job related physical fitness variable
<Table 3> shows the change of the work performance variable according to the aquatic exercise. Changes in strength variables in AEG group were statistically significant in all variables of grasping power of left hand(P = .000), grasping power of right hand (p = .000), sit-up(p = .000), seated hip adductor stretching(p = .000), back strength(P = .000), standing long jump(p = .026), and 20m round trip running(p = .000). There was no statistically significant difference in CG group. In addition, there was no statistically significant difference in all variables in the preliminary examination of the group differences of the work physical fitness variables according to the aquatic exercise. In the post test, there was statistically significant difference in all variables of grasping power of left hand(P = .000), grasping power of right hand (p = .000), sit-up(p = .000), seated hip adductor stretching(p = .000), back strength(P = .000), standing long jump(p = .026), and 20m round trip running(p = .000). between pre-and post-values in both groups †, † †, and † † † mean P < 0.05, P < 0.01, and P < 0.001, respectively.
The change in pulmonary function ability
<Table 4> shows the changes in variables of functional respiratory capacity according to the aquatic exercise. Changes in respiratory capacity variables in AEG group were statistically significant in all variables of IRV(P = .000), ERV (p = .000), SVC(p = .000) and FVC (p = .000). However, there was no statistically significant difference in the change of respiratory ability of CG group in all variables. In addition, there was no statistically significant difference in all variables in the preliminary examination of the group differences of respiratory capacity variables according to aquatic exercise. However, there was a statistically significant difference in all respiratory capacity variables of IRV(p = .000), ERV(p = .000), SVC(p = .000) and FVC(p = .000) in post test. ** Independent sample t-test' results between pre-and post-values in both groups †, † †, and † † † mean P < 0.05, P < 0.01, and P < 0.001, respectively.
Discussion
The purpose of this study is to compare the effects of aquatic exercise programs on job related physical fitness and pulmonary function ability of 30 fire fighters(15 in the aquatic exercise group and 15 in the control group), and as a result, I'd like to discuss as follow.
Athletic ability and work ability are expressed according to job related physical fitness. However, according to scholars, the physical strength is defined in various ways according to the age. Seok [15] is a comprehensive concept that includes physical, mental, social, and spiritual aspects not merely physical aspects. This is the sum of all the abilities that are the basis for living this life. Physical strength is composed of active physical fitness which is necessary force for activity and fitness for protection which is the physical strength that adapts to the change of climate and resistance against invasion of germs. However, in most of the studies, physical fitness is measured by cardiovascular endurance, body composition, muscle strength, muscle endurance, flexibility, and agility etc [16] . In this study, the 6 of occupational fitness and the 4 of functional respiratory capacity were measured in order to improve the chronic diseases and work efficiency of the fire fighter due to excessive work stress and decreased excercise function. As a result, the change of the work performance variable after the aquatic exercise was improved in the AEG group in grasping power of left hand and right handed, sit-up, seated hip adductor stretching, back strength, standing long jump, and 20m round trip running. This is consistent with the results of the study of fire fighters' ability to improve their work performance [17] , and it supports that the improvement of the fire fighter's physical strength is effective on the ability to carry out fire fighting tasks [18] . In addition, in this study, respiratory ability was measured in addition to physical strength improvement of fire fighters. The results showed that all variables of IRV, ERV, SVC, FVC were improved in AEG group. This is consistent with the results of the study that water exercise is effective in improving respiratory function [19] , and it supports the study that aquatic exercise is effective in imporvin aerobic exercise capacity [20] .
These results suggest that aquatic exercise can contribute to the physical fitness and respiratory ability of fire fighters, reduce job stress of fire fighters, and reduce the incidence of metabolic syndrome and stressful diseases of modern people (Seung -2004) . However, there is no research on the contribution of exercise to the performance of fire fighters, and it is necessary to develop systematic mutual programs which improve the job skills of fire fighters and physical strength.
Conclusion
The purpose of this study is to investigate the effect of aquatic exercise on the job related physical fitness and pulmonary function ability of fire fighters, and to confirm that the improvement of work performance and breathing ability of fire fighters can be achieved through aquatic exercise. In order to accomplish this purpose, the subjects were selected from 30 fire fighters working at C city, and the effects of the aquatic exercise on the work job related physical fitness and pulmonary function ability of fire fighters were as follows.
1. The changes of the job related physical fitness of the AEG group according to the aquatic exercise were statistically significant in all the variables of the grasping power of left and right hand, sit-up, seated hip adductor stretching, back strength. The changes in stamina variables in CG group were no statistically significant difference in all variables.
2. Changes in respiratory capacity according to aquatic exercise showed statistically significant differences in all variables of IRV, ERV, SVC, and FV. The changes in respiratory capacity of CG group were no statistically significant difference in all variables.
The results of this study suggest that aquatic exercise is an effective exercise for fire fighters' work job related physical fitness and pulmonary function ability. It is thought that the development of professional fitness training program to improve the health variable due to the job stress and job ability will improve the job performance of fire fighters. 
